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su.c:j.JtY 

Ihe problosi of this invosti’iation ■kbb to detormine tho affects 
of surface roushnass and surface strossin;^ on the roversod bcndinR 
fatigua properties of 25 5-T, 75 S-T and 76 S-T alurainum alloys. 

Tests T/ar-B conducted in a stress range from 37,700 psi, to that 
stress giving a fatigue life of 500,000,000 cycles 

Surface roughness was varied fron five nioroinches to 400 micro- 
inches. Tr?o different machining tools Trere used to obtain the various 
degrees of surface roughsiesB i l/8” radius tool, end a snarp pointed 
tool. 

Surface stressing Tfas obtained by shot peening vath 0^028 diameter 
shot at ,010/,012 fi-2 intensity, and oold rolling at 100 lbs, end 200 lbs. 
pressure. 

It was determined that fatigue life decreased as stirfaco roughness 
Increased in a similar manner for specimens laoohined with both typos 
of tool} but that endurance limit was not affected by the sharp tool, 
whereas it ■vvas decreased by the 1/8” radius tool. 

Shot peening increased fatigue life of 25 S-T by about 600^} it 
hod but slight effect on 76 S-T. 

Cold rolling increased fetigue life of 25 S-T and 76 S-T by about 2500/. 

75 S-T Was neither shot poened nor oold rolled. 

This work was carried out by the author at the Guggenheim Aero- 
nautical Laboratory, California Institute of Technology under t ho 
supervision of hr. E, K, Seohler. 
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Oil the prooedint; pages. Figs 1-5, one can readily see the 
importance and danger oi' fatigue failures# The installation 
shorn is part of the Cooperative V.ind Tunnel, Pasadena, California, 
These figures show the damage after fatigue failure of one of the 
propeller blades during operation. The resulting damage a mounted 
to about 5270,000 in material, not including valuable research 'ime 
and money lost while repairs were made. 

This is only one example of many such failures which ocour 
throughout industryj in the aircraft industry, espeoially, fatigue 
is of prinarg' concern whore the lightest possible parts must bo 
made to attain the necessary requirements of low cost and high por- 
fox^nco. 

It is interesting to note here a statement of A, g» Pugsloy in 
Ref, 1 to the effect that while the Metallurgical Science ia giving 
us stronger and stronger alloys, there is little or no change in 
fatigue strength of these alloys. Therefore, it behooves the designer 
to pay careful attention indeed to the problem of vibration in his 
structure and the fatigue strength of the material with which he is 
working. 

One very iriportant consideration in fatigue studies is surface 
finish, and much research has been oonducted on the effects of surface 
notches on fatigue strength. It was discovered that the propeller. 
Fig, 1,, which was fabricated from 26 S-T aluminum alloy, failed at a 
/TClet having a surface roughness of 1 100 microinohos, 

Tiie necessity for more fatigue date on aircraft materials at once 
became apparent, espeoially with regca*d to the effects of various 



lauohining tools oad finishing toctmiqu^s. 

This report is thus sn attotapt to furnish aircraft designers 
with additional fatigue strength data on 25 S-T, 75 S-T, and 76 S-I 
aluninuia alloys, with particular oraphasis on thn effects of c.J various 
mohino aiorfaoe finishes, b) shot peening, and o) cold rollinr. 

The investigation was conducted by tho author in tho Cuyroahoiia 
Aeronautical Laboratory, California Institute of Teohnolc-'y, Pasadena 
California under tho supervision of Dr, E, K, Sachlor during the 
period Octobor 1948 to May 1949, 
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Polishing ■witli 600 Durite ebrnsivo and lavigatad alumina 
followed tho maoiiining of h/i specimens, 

rofers to surface rouphnoss iii micro inches. The surface 
rougteess of tho specimens was chaciced in a Physicists Eesoarch Co, 
Prof ilomstor , X^-'po Q, Klodol 1, Serial '*o, 141, 

The shot peecing was done few Douglas /droroft Co, , with 0»’028 
diameter shot at 0,010/0,012 A 2 intensity. 

In order to study the effects of surface rolling, a rolling 
device was designed by the author j it was built by the GALCIT machine 
shop and adapted to a Pratt rnd Ahitney IS" Lathe, Model B, Serial 
No, 113 H3, See Figs, 6 and 7, Rolling pressures used were 100 
and 200 lbs, at O'.'0012/revolutioa feed, A oenstant pressure was 
maintained by the operator by maintaining a constant spring deflec- 
tion ns tho rollers progressed along the test specimen, 'Sample 



CBlculntions ', a::ccior. VI, alion- involved in oonstrjctlcn 

and use of this apparatus , 

The speciaiens tnus treated n'ere 25 S-T and 76 S-T, nechined 
and polished to 5^ . a.ininixn Jiaaeters of these apeclc.ens Trero 
checked after rolling, srd the final diamotsr '.•fas used in stress 
oun.putations, 

25 S-T epeciinans Tfsre siede fron remants of the forrin*^ fran 
which the propellor blade (Fi*. 1) had been nade. This for-ia. ca_ o 
fron the Chevrolet Transnissior. Co, end h<^d the follo-rinf; properties i 
Yield Strsn.'-th 40000 psl 

Ult, Stren--th 60000 psi 

Slon^-ation (2'*) 16,75/s 

I iecas cut cloa~ the Ion* dinonsion of ths forpin" '•.'ere terr.ed 
"with ,'raia', those cut oloar the short dinansioEi -sere tcr".ad "cross 



grain", 

75 S-T speciaans cone froE /looa 75 S-T6 rod, 5/3" x 12 ft. end 
thus were ell "with prain", 

76 S-T specinons were obtained fron. ?ratt and VOiitae^ test rieces, 
also "with Tcin", 



The standrrd properties free: A.^^.S, specific ■■ 
25 S-T, 76 C-T and 76 S-T are listed below; 

25 3-T 75 S-T 

Yield Strength 30000 psi 72000 psi 

ult, Stronrth 55000 psi 60000 psi 



ons (r.ef, 5} of 



76 S-T 
60000 psi 
70000 psl 



Olor.gaticn (2’) 16^ 
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Specimens v;ero placed in un optics..! tooth comporetor end 

meftsuromeats T?ere made of the major sorf^co irr-'sf.ularitios. Fige# 






8 and 9 shov/ the profiles at 100 diojneters# HoriKontel me a eur enients 
are or^st to crest; vertical suroments Bre crest to valley. "varage 
values of those mossurenients follovrj 
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From tliese i>hotc^rBphs it ws ostimetod that the ”oharp” tool 
used had a dieiaeter at the tip of ebout 0.003 inches. 

Tests ytere made in a set of four H.R. KOORTv 

FATIGUE TTmSTIJG Serial rios. 266, 268, 270, and 271, running 

at a nominal speed of 10000 rpm. Fig. 10# The loads varied from 
SO lbs# darntj-erd i^ntil a load '^iviiig fatigue life of 500,000,000 
cycles reached. -*^11 specimens ^ore run to destruction .ith .riinor 
exceptions in the range above 190,000,000 cycles wnen it felt 
that more inforaation could be obtained y stopping, aid usinr; the 
machine involved for other speoimons# 

Prom the data thus obt^sined standard CT «H curves wore plotted# 

The possible eourcoa of inaccuracies or deviations from constant 
results are es follc'vs : 

u) Vibration of rotating parts. 



b) of speoi..on cjo to ^^brcciun a'rid friction, 

o) Unavoidable inpacts on specin^n during, lof^dir* 

■'•ns by hande 

d) Lag bct-^veon loadinK and cycle counter setting, 

e) Variation in machining, 

f) Noa-horaogoneity of metal* 



II, P. .SULTS /Jin DISCUSSION 



or utffiosU iiaportaiiOG in tho enalysic or use of i'a^i^yas duia, 
such as CT -N curves, is tho fact that for one metal no dofiniie 
(7~-N curve can bo obtoinodj ir.stouci, an nroa, or upper and lower 
bound, oontniniup the fatiu.ro propartios is o jteinad, Tlio possiole 
errors outlined in the Introduction f,ivo adequate reasons for this 
situation. It is, therefore, a problem for the designer to take into 
account this possible variation in fstiruo life of a metal at a given 
load, 

Tlie results of these tests have been plotted in Figs, 11 through 
2 2 from test data obteined. On the figures where actual tests pv)ints 
are plotted, a dashed curve has been drawn to indicate the average 
0~ -N line. The actual spread in tho^ data can be seen from these 
figures. On figures isiiere a group of solid curves appears, the 
solid curves are replots of the dashed curves of average values, All 
test data has been plotted. 

Figures 11, 12, IS, 14,(g6nd 21 show all tests of 25 S-Tj Pig, 15 
shows 75 S-Tf Fig, 16, 17, and 22 show 76 S-T, The remaining curves 
Figs. . 19, and 20 are comparisons of the three metals tested. 
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li. {Tv'iaai'i.i 2J S-I eichibitoJ f i'-l^ u’lfijr frti’;uo pror-^jr" . is, 
iioot Ci^ocx...oub brukc n-j-r t;;.s ceni,,." cf t r' -th r/ith e. bror>' 
parpoudicuii-r tij wis a;:ial coubar lia:, ' ty 'io'l frr'jt-jrc ir e’.cr-r 
ia I’iG. 23. 

Tha eadureaco for 25 S-T appc'>rs to bo cboat IS.'JOJ r;si, 

based oa a lile oi‘ 500,000,000 cyclrs, '•^nis h'>T 68S vrith specifications, 
Tron i'ic, llA it can be eoen that incronsinr rou,~hnojs freer. 5/< to 
400/{ oa speeiKsas machined vith the 1/8” Rrdius tool end cut S/ith 
grain” docreesed the endurance limit from ebout 18,000 pci, tc some- 
thing under 10,000 psi. This result v/as to be eKpected, 

Hoivevor, when 25 S-T "vdth grain" was nochinod rlth a sharp tool 

an entirely different result was obtained ns sho*..-n by Fig, 12 i. In 

/ • 

this ease, increasing roughness deerMUsed fatigue lifo in the high 
stress range but had very little effect on ondurnneo linitj a value of 
about 18,000 psi. held for all surface roughness, 

/ sinilr.r result '.ves obtained fVoa 25 S-T ''cross grain" tents 
illustrated in Figs, 15 and 14f, The l/3" R, Tool again produced a 
decrease in endiorance limit while the sharp tool had little effect, 

A very interesting result wes outeinod from the tests on 25 S-T, 
"cross grain" sharp tool. Sae Fig, 14A, So attempt was made to draw 
curves since all dhta fell In one bond, Apparently the effect oi' the 
grain diroction co>anterbalancad the effect of surface finish. 

Fig, 14B gives a comparison of 26 S-T, Rf/ , in the foiu* conditions 
tested. 
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7^ S-r T?'''- rr''7'» v/i-*:)) cpoci. o'C r:a''7ir.-3<l ?ril.h ^ r’^nrp 
tool onlv, TMg Kotnl vory iniforn results with little scatter 

Ir the dc'.a^ see Figs. 1C. Ag in the cas? of C5 r-7 siniila^l; pc^ined^ 
all curros conTer^";©d or a*" endurenoe Unit of abou"* 10, 000 psl. 

PracturcG were *^.ot ss re ;ular as those of 25 S-7. Fee Fig, 23, In 
the upper strers 75 S-T had about t'lr^o tines tho fatigue lif!> 
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T, ftr,d cbovt ono psad ono-half that of 75 S-T, For 



cc;r,parieon seo Fi^, 20* 



76 S-T 

TJhoreas 25 S-T and 75 S-T broko with fairly clean fractures, 

76 S-T had a comparatively spootacular rupture, Tho breaks ware very 
irregular, largo pieces were thrown off tho spociKion, and there v;as an 
aocompanying loud noiso when rupture occurred. Fig, 25 shows c typical 
fracture, 

Tho results of tests on 76 S-T machined with l/8" Radius Tool 
showed foirly consistent values. Sea Fig, 16, It is felt that the 
50 yt/ curve will converge at higher values of "K”, TiriO prevented 
further investigation, 

Tho endurance limit for 76 S-T machined with l/O” Radius Tool 
appears to be batwoon 19,000 psi, and 20,000 psi,, or roughly 10 % 
higher than 25 S-T and 75 S-T. 

As can bo seen in Figs, 17, machining 76 S-T with a sharp tool 
produced rather irregular results, Hoivever, there was noted a sharp 
rise in the endurance limit to a value of about 24,000 psi. This 



reproocjUwt t V o."' S' '/ j.*>t \ j or 'ICj C~7 fvnd 7r. S-T. 

Fic« 23 s’, u. G f^ra 2 .hic:.ll;'-, 

Dospit© iof. irroriiliril-dof! 7C 3 rrp tool, fp.vo higher 

fatigue Btron^if . ti £Ui 7 j 1/8“ Radiuc Tool, thi’oughuuo the entire 

f 

range, Soo fi^. 17S, 
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s 

lo li«s loi I ' kjicv-p> thet coa: r^'^ssion of thp outer fibers of ' *«> 
a structural nomb^r would increase its fp.tijjue strength in reversed 
banding, Shot-peening seons to be about the sinplest way of 8ocor.i~ 
plishing this effect, 

25 3-T 5yU ''-wit}.', grain" spocisneno responded rocdily to shot-neoning 
with results as shovmi in Fi", 21, Tlte increase in fntiguo life in the 
high stress range was about 500^, although. t}ie ondurencc limit may 
not have been changed; an insufficient n<:onb©r of spooiaons were tested 
to determine this, 

Shot-paening of 7G S-T specimens was carried out at the same 
intensity as tiiat used on 25 S-T, However, there was no improvaaeat 
in fatigue life over tho unstressed 76 S-T, See Fi', 22, The Increased 
Bui*faoe roughness caused by shot-peening apparently offset any improve- 
ment in fatigue life due to surface' stressing, 

COLD ROLLING 

Tho increased fatigue strength due to surface rolling was even 
more pronounced than that due to shot-peening. See Pigs, 18, 21, and 
22, For 25 S-T rolled at 100 lbs, pressure tho increase over untreated 
spooimons amounted to 2500/b in the high stress range. It was not 
determined what the eff oct was on endurance limit, 

A pressure of 100 lbs, was decidedly more eff'ctive than 200 lbs. 

It is felt that 1(X) lbs, is about the optimum pressure for 25 S-T, for 
the roller design indicated in "Sample Calculations”, Section Vi, 

V.hon 76 S-T was rolled at 100 lbs, a sLmilar ixprovoment was 
noted in fatigue life. See Fig, 22, This amounted to about 5000 % 
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in ii-c otroc*" rrr.'"6* 

Tests of cold rolled spccicicns not only sho^od iinproTe* 

nent in fctif;uo life than did those of shot peened pieces, also 
produced nore unifoxtr. results, Purthonnore, the desi^^n of rolling 
dovlcoG is not difficult. Therefor® it would seem adviseble to use 
cold rolling v/hanever the shape of the pert lends itself to this 
method of surface stressing. 
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ov'T.vir ■'■-inG 

An ettanipt •arcs niP'^’o to '’gtor-. inc "f^octn o7 '’c-vor-a' r :3 ,ln,g" 

on fating" stron^ th, Fi'', llE ir.dilc' tor thiir., n o ..p;ei 'v s r '' 

2R S-T, 5 with r-ra^n wore r' n <"t o5,COO ?sl , ‘.vu‘ E0,0'^0 
respectively for 50,300 cyclosp Both specinene wore t'-’.eri rar to 
dostr’jcticp ct ?5,000 psi. The totsl nrot®" oi c, clot oatll fr-il-irs 
occurred brought the points onto the norr.cl enrv- 73 II v.ithin tic 
scatter b' nd. 

These results, while not conclusive, precluded further invest- 
igation along this line. 

They furthomore do not subatanticte i.iner’s heuation: 

**/ ^'2 



UNDER STRESSING 

Several specimens which had b«en run at a low stress for a 
large mmiber of cycles were re-run at a higher stress, Tlie data 
thus obtained was plotted end found to lie well within the scetter 
band for the particular raetarial end test condition. These psrtioular 
specimens are as followsi 

E^eclnoa I'stal Fi5^ 

12, 12a 25 S-T 11 E 

10, 11 25 S-T 11 £ 

13, 13a 25 S-T 11 £ 

3, 5 75 S-T lu 3 

5, 6 



7G S-T 
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There vms no i.^dicntion ’ -he cycles rl a low stress hfd eny 
oiYeot on fsti ue lifo q 1 a hi^^her stress. In other TOrds 26 S-T 

and 7o S-T wore not succaptible to ’’corocini;”, nor vra.3 t cny 

\ 

dftxnaye noted d^o bo loxv stress oyorntion. inis iurti-sr 
refutrtion of iiinor’s lA^urtion. 
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i'. tr. -'rk.; 

1} ‘"’he ''-.cii r*' : ('9 2C r-'" verifi''-’ ’ ? IS.0'^0 ''si, 

i' 'xchf„.Ir.,; l/f r< . n l srvfirsl;- red jc«;? Qndurrnoe 

lir.lt 2.f. S-1 -T ci-rf’-c^ r .)r '.j-urfiss Is , 

Z) lrchii,i:r; 1C S-T ■K-ith f E’r..*rr s: dad t^ol fivnc effects prr- 
allel to t.hoso obtrinod with l/O" redius tool "r.til a stress 
of about 20,000 psi. is reoohed, ?ho andurfr.ee limit remains 
at 18,000 pei, for all surface conditions obtained v.i'.h the 
sharp tool, 

4) Shot-pooning of 25 S-T with ,010/,012 intensity incroasos 
fatigue life about 500/3 in the stress rf..n.go between 40,000 psi, 
and 20,000 psi, 

5) Cold rolling of 25 .8-2 et 100 lbs. increusos fatigue life 
about 2500^i in the stress range between 40,000 psi. r,nd 

25.000 psi, 

6) The endurance limit of 75 S-T is toout 18,000 psi, 

7) 75 S-T machined with a sharp tool has about four times the 
fetigue strength of 26 S-T, similarly machined, in the high 
stress range; out it has the sane endurance limit, 19,000 psi, 

8) 76 S-T has a fatigue strength between 75 S-I and 25 5-T in 
the high stress range; but it has a higher endurance limit « 

19.000 - 20,000 psi, for l/8‘' h. Tool, 24,000 psi, for sharp 
tool, 

i') iho effect of shot-paoning 73 S-I ,vith ,010/',0i2 .. 2 intensity 



’.v'>3 no jliciL'lo, 

10) Cold rollin?: 76 C-T at 100 lbs. incro-sod fcti-uo li ?9 
ybout 'C^ldfo in tho hi.*,h stroos ron'o. 

It is roconmendod thrt future tests rith those aochir.os bo 
conducted with the aachinoa aountsd on individual stands and in 

cushioned aountin^s, Tho precont set-uo allows vibrations frca one 

/ 

nachino to be transmitted to rll the others. 

It is further recoroaended that more tests be conducted as follows/ 

1) 75 S-J machined with l/S'* radius tool. 

2) 76 S-T shot peoned and cold rolled, 

3) Cuaplote 26 S-T and 76 S-T shot peenod and cold rolled to 
deternine offset on endurance limit, 

4r) Vary intensity of shot peeninp, and rolling pressure to 
determine optimum values for each metal, 

5) Further investigate tho effects of undorstrossing and 
ovorstrossing on fatigue life. 
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V. =10 IbG, (!I^rf>) -+- /c’ isd ‘ oirnt 
L = 4" 



2, Deaif;n of KoHinf, Pevioex 
Rollers X 



(Goe Hef. 4.) 
Specimen 



/ li =^ o :8 ^ 5 = 0’.‘016 

^> Lj = 0 '; S 3 



1 - I + 1 4 . 1 . I 

I 0.8 0.S3 CT6 9,76 

= 1.26 -f- 3 6.G6 +0.102 



= 11.01 

R= 0.0909” 



This value of K allows the use of th« Boussinesq Formula ; 

X~ ^ yt P*8.i. 

P — Force lbs, 

? =; Depth of penetrsoion - inches 
iT - Poisson’s Rt-tio 




Say, 

R* = ti radius of specimen 
= i * 0,15 - 0'i0376 

P = LIL£lX - OTT (0,375)^ T = 0.0054 

V.6 
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Fig.6. Roll 1/^0 device. 




FIG. 7. ROLL we device aj used 
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